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I.  soflURr 


basis  of  tha  Rughas  Q^drostraak 


daalgn  oonoept  of  watar^all  Tshlolss^  The  fundaBsntal  thsorjr  is  gison* 
ooag>aris(»is  are  aade  with  alr-^all  rshioles,  and  prelialnary  test  data  are 
presented.  A  tjpioal  design  study  Is  sboen,  illustratlBg  the  adrantages  of 
the  Hydrostreak  oonoept  over  the  airmail  systae  and  daeonstratlng  tbs  bli^ 
over-^ter  speeds  attainable  id^  moderate  power  Inputs.^ 


n.  IlfTRODlTCnO!l 

The  present  interest  and  the  state  of  the  art  of  ground>«ffBot  madiinea 
are  illustrated  thoroughly  by  Reference  1.  It  is  becoming  apparent  that  the 
power  requirements  of  these  ▼ehieles  are  such  that  they  will  be  zwstrleted  to 
operation  over  fairly  smooth  surfaces.  Fujrther,  if  operated  at  high  speeds, 
their  turning  and  braking  ability  restricts  them  to  low  aooelerations  and  fairly 
straight  paths.  These  oonsideratlons  lead  directly  to  the  oondlusion  that 
ground-effect  vehicles  are  best  suited  to  over-water  operation. 

If  the  ground-effact  vehicle  is  to  prove  sucoessfU  in  over-water  opera¬ 
tion,  it  must  show  superiority  to  aircraft  mid  three  ^rpM  of  water  vehielest 
(1)  OLsplacensnt  vessels,  (2)  planing  craft,  and  (3)  hydrofoil  oralt. 

Saeh  of  these  three  types  of  water  craft  has  its  own  ragiaa  of  avqperlority, 
as  shown  in  Raferenoe  2,  for  exaple.  Vhlle  it  al^t  seem  that  hydrofoil  oraft 
would  have  very  high  speed  oipability  even  in  typical  ocean  waves,  there  are 
serious  practical  limitations  to  their  operation,  as  discussed  in  Bafinraaoe  3. 

It  does  not  qipear  that  any  existing  type  eaa  qperate  at  speeds  Above  $0  knots 
in  average  ooean  oondlticms  at  reasonAble  effieieney. 
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Tte  ground-«fftot(  or  air  oushlon  rahielot  b7  raduolng  friction  and  vanra 
drag  can  prcaunably  operate  at  very  hl^  apeeda  over  tte  water  If  It  oan  clear 
the  waveat  Aa  ahofwn  below,  tte  air-waU  ground-effbet  vehicle  iMea  efficiency 
rapidly  aa  Ita  height  above  tte  aurfaee  la  Inoreaaed.  In  order  to  qierate  at 
reaaonable  telghta  (aeverdl  feet)  tte  alr-erall  vehicle  neat  be  very  large  In 
aurfaee  area  or  very  Inefficient. 

In  eonalderlng  tte  baalc  eoaentua  flux  problen,  englneera  of  Hn^a  Tool 
Coiq>any— Aircraft  Slvlalon  aaw  that  tte  uae  of  water  (inatead  of  air)  to  font  tte 
bubble-containing  wall  would  reault  in  a  very  large  perfonanoe  gain*  This 
concept,  the  Hughea  Hydroa^ak  water-wall  vehicle,  haa  alnee  been  intenaively 
atudl^  experieentally  and  analytically  by  HTC-AD.  nrellninary  reaulta  have 
borne  out  expeotatlona  to  a  large  degree.  A  nuaiber  of  deai^a  atndiea  have  ahown 
tte  concept  ueefbl  for  Imding  craft.  Mm  craft,  hl^-apeed  cargo  ahlpa,  niaaile 
launctera,  aircraft  carrlere,  and  a  variety  of  otter  vehiolea.  Analytical  and 
experieental  efforte  are  continuing,  while  the  fbndaaentala  of  the  problem  mid 
ita  atatua  are  preaepted  below. 


» 
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III.  NOTATION 

Hm  notation  used  in  this  report  is  shown  in  the  sketch  of  Flginw  1. 


I 


Do 

h 

i 

P 

Pb> 

Po 

Pw 

Q 

q 

R 

r 


mschsrge  ooefficient  for  air  flow  throu^  wall 


Height  of  vehicle  above  water 
Peripheral  length  of  wall 
Power 

Bubble  pressure 

Ambient  pressure 

Water  pressure  at  noazle 

Volume  flow 

Dsmamio  pressure 

Radius  of  oiroulsr  vehioles 

Radius  of  ourvature  of  water  wall 


ft 

ft 

ft-lb/seo  or  HP 

psf 

psf 

psf 

ou  ft/seo 

psf 

ft 
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8  FLtnform  area  of  whlela  sq  ft 

Air  leakage  velocity  through  wall  f)pe 

forward  epeed  tp§ 

aipoutlng  veloolty  of  wall  fpa 

w  later  wall  IMokneaa  ft 

-  Pq>  notsla  preasura  drop  paf 

p^  •  p^,  babble  preaeore  differential  paf 

a  Wall  taming  aagle  dagreea 

9  Initial  apoutlng  angle  dagreea 

IV.  DISCUSSION 
A.  Plald-Wall  Theory 


1.  In  Hovering.  The  aeana  of  containing  a  tnbble  of  hlgh-preaanre  air 
onder  a  vehiole  with  a  dynaale  wall  of  floid  eta  be  derived  eaally  If  eertala 
aiepllfying  a«8aBq)tlona  are  aade.  Thaae  aret 

a.  The  wall  aeetion  la  two-diaenaional 

b.  The  wall  thlckneae  la  aaall  eaipwmi  to  ita  radioa  of  curvature 

c.  The  velocity  of  the  wall  la  oonatmt  along  Ita  length  and  aeroaa 
Ita  width 

d.  The  afaear  foroea  be^en  the  wall  and  the  aabient  fluid  can  be 
nei^eeted 

It  followB  directly  fToai  the  above  aaau^>tlona  that  the  abape  of  the 
wall  la  a  olrcalar  are.  It  will  be  abown  belcw  that  the  Nbove  aaaunptloaa  are 
fairly  reallatle  In  the  oaae  of  a  water  wall.  The  eqaatimia  derived  auhaeqoMtly 
do  not  depend  on  the  fluid  oonaidered,  but  the  aaaoaptlona  are  not  ao  reillatie 
If  n  air  wALl  la  uaed.  Moat  of  the  eziatlng  air  vehlelea  uae  relatively  thick 
air  waUa  with  moll  radii  of  curvature. 
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Consider  the  sketch  of  Figure  1.  The  balance  of  forces  normal  to  tha 
wall,  acting  on  a  fluid  element^  ist 

*  ^ 

^jdA  *  p  dA  (1) 

if  the  nosele  efficiency  is  100  per  cent,  then 

lA 


so  that 


1*2 


AP. 


(2) 


A  convenient  assunption  in  making  design  studies  is  that  the  wall  turning  is 
STuaetrical,  in  which  case 

h  *  2r  cos  6  and  a  -  2(s  -  9) 


then 

u 

--Uco.9—  (3) 

The  lifting  effectiveness  of  fluid-wall  vehicles  can  now  be  derived,  in  terms 
of  the  liftAoi'Bop*’**!'  ratio, 

The  total  lift  is  the  sun  of  the  pressure  force  plus  the  Jet  reaction* 

L  =AP^S  +  p  £  w  V*  sin  0  (U) 


The  total  power  is  the  sun  of  the  power  put  into  the  fluid  puaps.  In  the 
of  the  water  wall  vehicle  operating  at  noderate  bubble  pressure,  both  the 
and  water  may  be  considered  as  incompressible.  Then 


1 


?55 


a^al 

>a  J 


ease 

air 
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whare  and  are  the  efficiencies  of  the  water  and  air  puapa,  reapaotivaly. 
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The  lift-power  ratio  ia  then 


s»v  r'"" '^*1 


In  the  oaee  of  circular  planforws. 


L 


If  the  wall  doee  not  leak. 


I  =  1100 


K(S) 

Im 


•] 


cos  6  4  Bin  6  1 

The  optiiBon  spouting  angle  can  be  derived  fron  (7)  and  ist 


($) 


II 

and 

-I 

(6) 

1100  1 

^  cos  d 

(^)  cos  e  -1 

(7) 


V '  <5^ 

O 

for  any  given  set  of  p  v^  r\^. 

Equation  (7)  is  plotted  in  Figure  2  for  the  conditions  noted  on  the 
figure.  It  will  be  noted  that  the  effect  of  spouting  velocity,  v^  is  very 
important.  This  is  precisely  adiat  makes  the  water  wall  siqMrior  to  the  air  wall. 
The  air  bubble  ia  contained  by  the  momentum  flux  of  the  wall,  and  sea  water  has 
a  density  libout  8U0  times  that  of  air.  The  wall  must  have  a  dynamic  pressure 
significantly  higher  than  the  bubble  pressure  if  it  is  to  oontain  the  bubble. 
Since  the  dynamic  pressure  of  water  is  8U0  tiams  hl^er  than  that  of  air  at  the 
sane  velocity,  far  lower  spouting  velocities  can  be  used  with  a  resultant  large 
increase  in  the  llft/power  ratio.  The  regime  of  operation  of  waterfall  and 
air<^wall  craft  are  indicated  in  Figure  2. 
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2.  In  Pbrward  Flight.  The  drag  of  ground-effect  vehleles  ie  negligible 
at  low  speeds}  this  is  their  principal  feature.  At  high  speeds  there  are 
important  drag  forces,  however.  In  the  case  of  the  water-wall  vehicle,  there  are 
three  forces  to  consider} 

a.  Adrod^amlc  drag 

b.  Hj^rodjnaalc  drag  of  water  scoops,  propeller  supports, 
rudder,  etc. 

c.  Itonentum  *drag*  of  water  taken  on  board. 

The  last  quantity  seems  to  be  the  most  serious  for  high-speed  water 
craft.  The  hydrodynamic  drag  can  be  quite  hig^  in  some  eases,  since  the  dynamic 
pressures  encountered  are  extremely  hig^,  e.g.,  10,000  psf  at  100  fps  (About  60 
knots).  It  is  possible,  however,  to  obtain  low  hydrodynamic  drag  through 
proper  design.  Examples  «re  shown  in  Part  C,  below. 

A  simple  expression  can  be  obtained  for  the  lift/power  ratio  in 
forward  flight  if  the  air  and  wster  drag  terms  are  neglected.  Thus, 

P  =  Q  (-—  -  q)  +  2Q  q 
=  +  q)  =  Pq  +  Q  q 

where  is  the  power  required  at  the  hovering  condition.  the  case  of 
circular  vehicles,  with  =  2 (sea  water) 

P  =  P-  ♦  Un  R  w  v^  v^ 

0  wo 

Again  assuming  no  air  leakage  and  100  per  cent  noszle  efficiency. 
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If  is  Tarisd  with  to  givs  optimua  perforaanoSy 


where  (^)o 


ia  calculated  for  the  appropriate  ralue  of  T^y  aAiioh  ist 


(10) 


Thusy  if  the  pooping  STstem  were  idealy  (t)|^  =  1)  the  beat  spouting  velocity 
would  be  the  eoe  as  the  Aree  streaa  velocity  (with  aero  piping  loasesy  no  puap 
would  be  requlred)y  and  the  lift-power  ratio  would  be  just  half  that  obtained  in 
hovering  flight  at  the  naue  spouting  velocity.  The  lift-power  ratio  for  forward 
flight  is  given  in  Figure  3. 

There  is  one  more  effect  that  occurs  at  high  speeds.  As  the  flight 
speed  Increases y  the  dynamic  pressure  of  the  air  may  increase  to  the  value  of 
the  bubble  pressure.  This  nay  affect  operation  in  several  wayst 

a.  Since  the  water  wall  along  the  Aront  of  the  vehicle  supports  a 
lower  pressure  differential  (lower  by  q^)y  the  power  input  to  the  front  portion 
may  be  decreased. 

b.  The  sir  leakage  through  the  front  wall  will  decreasey  and  at 

the  point  where  no  air  pumping  at  all  will  be  required  ainoe  all 

necessary  air  can  enter  at  the  vehicle  nose. 

c.  The  bubble  pressures  considered  in  the  design  studies  to  data  hanra 
ranged  from  30  to  ^  pounds  per  square  foot.  At  9$  knots  a  dynamic  pressure  of 
30  pounds  per  squaie  foot  is  obtainedy  and  $0  psf  is  reached  at  122  knots.  The 
qtwstion  of  altitude  staibility  occurs  when  the  dynamio  pressure  is  hlf^r  than 
the  bubble  pressure.  It  is  evldenty  howevery  that  reduction  of  the  watar«drall 
strength  can  increase  leakage  easily  enough  to  produce  altitude  control  and 
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that  any  Increase  in  altitude,  even  at  constant  wall  velocity,  will  provide 
altitude  stability. 

B.  Fluid-Wall  Bxperlaents 

Initial  watarnrall  tests  at  HTC-AD  were  performed  in  a  siaple  facility 
using  whatever  equipment  was  available.  The  results  obtained  were  proaiising 
enough  to  justify  a  better  facility,  shewn  in  the  photographs  of  Figures  U  and 
Here,  the  inner  (high  pressure)  aide  of  the  wall  is  observed,  the  air  being 
pumped  out  of  the  plenum  chamber.  Color  movies,  both  6bb  and  l6aai,  are  availAle 
showing  the  aettip  in  operation. 

Data  taken  to  date  indicate  that  practical  water-wall  vehicles  cfti  be 
designed,  and  that  they  will  operate  far  more  efficiently  than  their  airmail 
counterparts . 

A  typical  set  of  test  data  is  shown  in  Figure  6,  tdiich  gives  the  discharge 
coefficient  of  the  wall  for  various  spouting  velocities  as  a  function  of  the 
bubble  pressuiw. 

Sq>erlmental  data  on  power  required  are  suoasriied  in  Figure  7,  giving 
the  horsepower  required  per  square  foot  of  wall  area  as  a  function  of  bubble 
pressure.  Data  points  from  the  literature  on  air-wall  vehicles  are  included. 

It  will  be  noted  that  the  power  required  is  far  less  for  the  water  wall. 
However,  the  waterwrall  power  is  still  higgler  than  necessary  due  to  the  air  leakage 
through  the  wall.  The  present  experimental  effort,  therefore,  is  concentrated 
on  producing  a  water  wall  of  higher  Integrity. 
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C.  Design  8tuda.ee 

A  wide  variety  of  design  studies  has  teen  performed,  eovering  deeigne 
from  small  tost  vehlelss  to  large  aircraft  carriers.  Orer>^ater  speeds  of  more 
than  100  knots  and  hull  over*erater  heights  of  20  feet  have  teen  considered  and 
seen  attainOble.  Rather  than  present  all  of  these  data  in  a  general  fashion,  a 
more  detailed  presentation  of  one  specific  design  is  made  hare. 

The-deslgn  considered  is  that  of  a  multi-purpose  vehicle  of  moderate  sise. 
Its  specifications  aret 

MDLTI-PDRPOflB  HTDR03THBAK  VBHICIB _  _ 


Sise 

liO  ft  diams 

Qross  Weight 

37,500  lb 

Maximum  Speed 

65  knots 

Cruising  Height 

U  ft 

Maximum  Hovering  Hei^t 

5.6  ft 

Payload 

19,000  lb 

Horsepower 

2500 

/N 


Sketches  of  an  ASR  version  of  the  vehicle  are  shown  in  Figures  8  and  9* 

Datalls  of  the  calculation  procedure  are  too  lengthy  to  present  here,  but 
one  condition  is  given  below,  with  soaw  discussion  t 

flight  Speed  $0  knots  (8U,5  l|)o) 

Dynamic  pressure  of  air  8.U7  pef 

Dynamic  pressure  of  water  7120  psf 

1.  Air  Ik»ag.  The  drag  coefficient  of  the  vehicle  may  be  taken  as  .00$ 
(Reference  2)  based  on  i^aetted”  area  and  allowing  for  rouc^ess  and  some  separsp 
tion  at  the  base.  The  air  drag  is  then 

•  .00$  (8.U7)(1260)  *  53.3  lb 
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2.  Water  Drag.  The  drags  of  the  surface -piercing  scoop  and  propeller 
struts  elll  be  conqsosed  of  four  parts  t  (a)  Spray  drag,  (b)  friction  drag, 

(c)  base  drag,  and  (d)  wave  drag.  Since  we  are  concerned  with  wave  drag,  the 
Froude  number  must  be  used  for  similarity  estimates.  It  ist 


Under  the  present  conditions,  the  Froude  number  will  be  about  1$. 

This  is  so  high  that  the  wave  drag  becomes  of  minor  importance  (see  Referenoe  2, 
Section  10-13,  Figure  2U). 

The  total  drag  of  a  surface -piercing  strut  of  good  design  is  given  in 
Reference  2,  Section  10-1^,  Figure  29.  Using  these  data,  the  drag  of  the  propeller 
support  strut,  which  is  about  one  foot  in  chord  and  about  one  foot  deep,  will  be 
D  =  0.012  (1)(7120)  =  85.5  lb 

The  scoop  struts  are  designed  (Figures  8  and  9)  so  that  the  strut 
proper  does  not  pierce  the  water  surface.  A  plate,  tangent  to  the  water  surface, 
prevents  spray  drag  and  provides  a  fairing  between  the  scoop  and  the  strut.  The 
scoops  are  designed  to  ventilate  at  their  bases;  the  resultant  base  drag  la 
negligible  according  to  the  reference  cited  above. 

The  drag  of  each  of  the  scoops  is  then  primarily  firiction  drag.  This 
is  estimated  aa 


“.coop  *  -“5  (7120)(2)  •  71.2  U> 


3.  Momentum  or  »Raa*  Drag.  The  ram  drag  may  be  wrlttent 
D _ s  m  v^  =  p/w  v^j  =  23-3 


where  Q  is  the  volume  flow  of  water  through  the  system  and  q  is  the  "free  stream" 
dynamic  pressure  of  the  water. 
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Assume,  for  example,  that  the  pressure  losses  through  the  plumbing 
amount  to  20  per  cent  of  the  free  stream  q,  or  about  10  psi.  This  can  be  obtained 
with  careful  piping  design.  Assume  further  that  no  punqiing  poser  is  added  at 
this  condition.  Then  the  spouting  velocity  is 

75.5  fps 

As  shorn  above,  the  lift-poser  ratio  (zero  drag)  sill  then  be: 

=  550  [2g  cos  e  I-  sin  e] 

taking  6  =  37®» 

(«)  =26.8  Ib^orseposer 

FF 

For  a  gross  selght  of  37>500  pounds,  the  water  punning  horsepower  is  then 

'"'p»p  =  %!r  = 'J*'®  "f 


U.  Air  Pumping  Poser.  Data  taken  to  date  indicate  that  a  leakage  velocity 
of  10  fps  through  the  wall  may  be  anticipated  with  further  development.  The  air 
punning  poser  sill  then  be: 


P  = 


37.500 

0;8  It 


P  =  U20  horseposer 

The  total  poser  renuired  is  then 

Air  Drag  Power  (HP)  8 

Water  Drag  Poser 

Rropeller  Strut  13 

Two  Scoops  22 

Ran  Drag  (Pumping)  lUOO'^'l 

Air  Pung)ing  U20 

TOTAL  POHBR  3,863 
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In  the  presence  of  waves,  the  power  will  be  increased  by  additions! 
friction  and  spray  drag  on  the  struts.  Since  this  drag  accounts  for  only  2  per 
cent  of  the  total  power,  waves  will  not  decrease  the  perfomanee  notieedbly. 

This  is  in  sharp  contrast  to  hj^rofoil  or  planing  craft,  as  pointed  out  in 
Heference  3.  Operation  over  waves  higher  than  four  feet  will  bs  possible  depending 
on  wave  length  and  vehicle  dynamics.  These  problems  are  being  studied,  and 
preliminary  analysis  has  not  revealed  any  very  serious  difficulties. 

V.  CONCLOSIGNS 

Preliminary  analysis  aid  experiments  have  shown t 

1.  The  water  wall  is  ai  effective  means  of  supporting  the  pressure 
bubble  for  ground-effect  vehicles 

2.  Speeds  in  the  60  to  70  knot  range  are  possible  with  reasoneble  power 
input,  and  speeds  of  more  than  100  knots  can  be  attained 

3.  Two  serious  problem  areas  exist} 

a.  The  rate  of  air  leakage  through  the  wall  must  be  minimised,  and 

b.  The  momentum  drag  of  the  water  taken  on  board  must  be  kept  to 
a  mlniaum  for  economic  high-speed  operation. 

VI.  LIST  OP  REPE!CNGES 
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3.  Hoemer,  S.  F.,  "Consideration  of  Sise-j^ed-Foarer  in  Hydrofoil  Craft." 
ASTIA  AD  21U011,  Nov  1958. 
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HUGHES  TOOL  CONPRNY 

^ixexafi  ^l^vUlon 

eucvKA  eiTv 

CALIfOANIA 

16  Vebruary  1960 


In  reply  refer  to: 
T-6081 


Dr«  V.  J.  Berlnati 

Institute  for  Defense  Analyses 

Advanced  Researoh  Projeots  Division 

The  Pendagon 

Washington  25 j  D.C. 

Dear  Dr.  Berlnati: 

Harvey  Nay  has  asked  me  to  answer  your  request  for  up-to-date  performance 
estimates  on  Hydrostreak  vehioles. 

Attached  hereto  are  three  ourves  giving  our  present  best  estimates  of  per- 
formanoe  for  the  Hydrostreak  Reseeuroh  Vehiole  (HRV).  The  following  points 
should  be  observed  in  using  these  data: 

1.  Hydrostreak  performanoe  analysis  is  still  in  a  state  of  flux,  not 
because  of  any  difficulties  in  predioting  performanoe  of  a  speoifio  oonfigura- 
tion,  but  because  an  optimum  oonf iguration  has  not  been  found  as  yet. 

2.  There  seem  to  be  at  least  15  independent  vauriables  to  oonsider  in 
each  case.  Any  set  of  these  will  produee  a  certain  vehiole  perfonianoe. 

Lack  of  agreement  between  different  estimates  of  vehiole  performanoe  is 
usually  due  to  different  assumptions.  The  number  of  variables  oan  be  reduced 
in  many  oases,  but  the  task  of  finding  olose-to-optlmum  solutions  is  still 
very  large. 

3.  The  ourves  of  Figures  1  and  2  show,  respeotively,  HRV  performance 
based  on  present  data  and  on  "design  objective"  data.  The  "design  objeotive" 
performance  was  set  up  as  a  reasonable  development  goal.  It  will  be  noted, 
however,  that  the  "present  data"  estimate  approaches  the  design  objective 
curve  at  speeds  above  70  kts.  This  is  due  to  a  recent  data  correlation  which 
indicates  a  favorable  effect  of  spouting  velocity  on  wall  performance.  Some 
extrapolation  of  present  data  is  needed  to  produce  performance  points  above 

50  kts,  so  the  "present  data"  curves  are  shown  as  dashed  lines  at  high  speeds. 

4.  Recent  performance  analysis  has  considered  the  effect  of  adding  a 
rearward  velocity  component  to  the  water  wall,  thus  obtaining  some  thrust  at 
the  expense  of  more  air  leakaige.  It  has  been  found  that  the  increase  in  air 
leakage  was  small,  smd  that  significant  power  reductions  were  possible.  This 
advantage  is  shown  in  the  comparison  cxirves  of  Tigure  3.  This  power  reduction 
can  be  considered  as  coming  out  of  the  water  ram  dratg  terms  of  figures  1  and  2. 

5.  An  air-wall  estimate  curve  is  shown  in  figure  3.  Since  the  ffiV  cruis¬ 
ing  height «  3  ft,  is  rather  large,  eoi^ared  tc  the  vehicle  sise,  and  cosvared 
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to  the  height  eoBBonly  used  ia  air-wall  vehlola  daaigos.  It  was  fait  Interest¬ 
ing  to  Include  this  estimate.  The  air-wall  performance  analysis  used  the  same 
state-of-the-art  as  the  water-wall  performance  and  included  stability  wc^ls 
for  the  hovering  condition,  as  did  the  water-wall  analysis.  The  hovering 
point  agrees  with  H.  R*  Chaplin's  analysis,  except  that  an  additional  SOJL  effi- 
oienoy  factor  has  been  used  here  to  account  for  the  efficiency  of  the  widl  in 
produoing  the  bubble  pressure  required. 

ffe  would  like  to  give  you  a  less  complicated  and  more  concise  picture  of 
Hydrostreak  performance,  but  the  plain  fact  is  that  any  simple  analysis  cannot 
be  realistio.  He  hope  to  be  able  to  work  out  more  relations  between  the 
independent  variables  to  reduce  the  cumbersome  nature  of  the  analysis.  In  the 
meantime,  we  hope  the  enclosed  data  will  answer  your  present  needs. 

Yours  very  truly, 


HHOHIS  TOOL  COMPANY 
AIRCRATT  DIVISION 
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Robert  T.  DeVault 
Aerodynamics  Staff  Engineer 
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